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AN OPERATIONAL DECISION MODEL EMPLOYING
OPERATIONAL AND ENVIRONMENTAL FACTORS

I. Introduction

The meteorologist engaged in operational forecasting is constantly striving to improve

his forecast. Nevertheless, the ultimate in forecasting skill, that of predicting all future

meteorological events exactly correct, is beyond him now and will cmain beyond his reach in

the foreseeable future. Thus, in all weather forecasts there will r-.tain a certain degree of

uncertainty. Whether this ancertainty is a hinlrance to the user of the weather informatioa

or not is highly dependent upon the type of activity being planned and, consequently, in most

cases is quite variable. Che thesis of this Technical Note is the demonstration of a means

which will provide a measure of the degree of usefulness of meteorological information under

various situationsD

The measure of the usefulness and also the effectiveness of weather information can be

determined by applying well-known xules of decision theory to operational situations which are

affected in some wey by meteorological phenomena. This approach is not new and an excellent

historical development can be found in a paper by Glahn (1]. The pioneering efforts of Glahn

did not go unnoticed. Cummings [2] pointed out the value and need of such an approach. Sub-

sequently, Huschke and Rapp [3] performed a similar analysis of a broadscale, relatively-

complex, military operation. In another study Huschke [4] discussed the use of meteorological

decision theory in planning requirements and specifications of weapons systems. Rapp [5]

developed a simple model to stress the usefulness of weather information in activities ranging

from the simplest to the most complex.
The information to be gained from analyses such as those mentioned above is invaluable to

the decision-maker. In the same respect, the AWS fnrecaster must impart as much pertinent

information as possible to his customer and, because of this, it is imperative that procedures
like those discussed here are not overlooked. Indeed, an analysis of this type is an excel-
lent vehicle to further enhance IWS-customer relationships since it requires strong inter-

action between AWS personnel and user agenci.f. Active user participation in this type of

analysis is a prerequisite to obtaining meaningful results. (This requirement has been re-

peatedly stressed by Huschke [6] in establishing guidelines for studies of this type.)

II. The Concept.

In actuality, most, if not all, inputs to a decision are uncertain; it is the degree and

quantification of this uncertainty that provides useful information to the decision-maker.

Furthermore, measurements of uncertainties must be in terms that the operational decision-
maker can easily understand and use.

In evaluating the effectiveness of meteorological information, the principal uncertpinty
must necessarily be the meteorological information itself and the task of quantifying that in-
formation belongs to the meteorological community.

With this in mind, the basic concept is to model various operational environments with

weather conditions or parameters as tne sole inhibiting factor (in a "simple" model). It must
be assumed at the outset that decisions regarding other variables within the problem are
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correct. Thus, the end result is a true measure of the contribution of meteorological informa-

tion.

A simple model will adequately serve to exemplify the uses and also the importance of a

decision theory approach. Rather than use an actual operatioual situation, it was considered

more feasible to contrive a simple, but somewhat realistic, situation for illustrative purposes.

Even so, the meteorological data used in this model were obtained from actual climatological

records.

III. The Procedure

The basic methodology employed in the ensuing decision-model is that espoused in a book

on decision theory by Chernoff and Moses [7). By combining conditional probabilities, clima-

tological probabilities, and operational loss values for specified actions in the manner to be

described below, one can obtain "optimum" operational strategies. Conditional probabilities

comprise the "experimental matrix". This matrix contains procabilities that a particular fore-

cast category (F k) for some met-orological variable will have been forecast, given that a

particular observational category (@i) occurs. These probabilities are represented in the

text by P(Fke0). Climatological probabilities, collectively termed the "climatology vector",

represent the probabilities of occurrence of the observational categories based on past records.

These probabilities are represented in the text by P(8 ). The "loss table" contains opera-

tional costs incurred for particular actions (A) when specified observational categories

occur. These values are represented by L(Oi,Aj). All of the above values are combined to ob-

tain expected (long-run averag,ý) losses by observational category, L( ,S qo), and, subsequently,

the expected loss for each of the possible strategies, L(S q). The strategy which is opera-

tionally feasible and shows the minimum loss is then selected as the optimum strategy. In this

case, a strategy is defined as a vector (S q) composed of the actions taken corresponding to

each forecast category. Thus, S. = (Aj(F1), Aj(F2 A . (Fr)). Sq i. equivalent to

"action order" in the attached computer program. For the above variables, the subscript

limits are as follows: i = 1, . . ., m; I. . .. , n; k = 1, .".i. r; q = 1, . .. , t. A

symbolic and conceptual representation of'the above decision-model is shown in Figure 1. The

actual procedure for computing the L(S q) is discussed below.

In many instances the use of a computer would be necessary for computing the L(S q) since

many strategies can result from having only a few forecast categories and a few actions. The

total number of possible strategies for a given problem is equal to the number of possible

actions raised to a power equaling the number of forecast categories. Thus, if there are 4

possible actions and 3 forecast categories, there are 43 or 64 strategies that must be simu-

lated. If a computer is used to calculate the losses, large numbers of strategies can be ex-

amined.

In their study Chernoff and Moses (71 approach the decision problem in several ways. The
technique presented in this technical note is but one of their methods, however, it is felt to

be an extremely useful one. Even so, more investigation into the field of decision theory must

be accomplished before the best method can be determine" for each specific type of problem.

Elaboration on the method chosen for this study follows.

A single procedure is followed to determine the expected losse- for all strategies in a
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given problem. The procedure takes into consideration the cost of taking specified actions

under specified observational categories and the probabilities associated with the occurrence

of the observational categories and the forecast categories. The first pronedural step to

compute the expected loss for a given strategy, Sq, is to determine the conditional probability

for each action with respect to each observational category, P(Aj 11i). This is done by summing

the conditional probabili.ties for each occurrence of a particular A in the strategy ventor,j

S . Probabilities of occurrence for each action are thus obtained for each observational
q

category. The second step is to multiply the loss value for each ection/observational-

category combination by the respective action-probability-of-occurrence value obtained in the

first step. The third step is to multiply each result frota the second step by the appropriate

observational-category-probability-of-occurrence value (climatological probability). The final

s :p is to sum the results of the third step to obtain the expected value of the loss that

would result if Sq were implemented. (The above procedure is presented in symbolic fashion -in

Figure 2.) This procedure is subsequerntly followed for each Sq, whereupon that strategy which

is feasible and has the minimum expected loss is selected as the optimum strategy.

STEP 1: Compute P q(A lei for all i's and J's;
r P l)rAI(k)\

where Pq(Ajei) = P( le k)

k=1 Ab(Fkuk=l

with r J=l if h= j

J.O if h-J+

where Ah is that action taken where Fk is given for

Strategy Vector S .q

STEP 2: Compute L(O1, Aj) Pq(Aj i1) for all i's and J's

STEP 3: Compute L(Oi, S ) for all I'.• and J's;

where L(i, Sq P(qi) L(Oi, Aj) Pq(A (i)

STEP 4: Compute L(Sq);q
m

where L(Sq) q L(Oi, Sq)

i=l1

m n

- P(i) L(8i, A) PJq (AJ r lei)

1=1 j~i

Figure 2

Procedure for Computing Expected Loss for Strategy Sq
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The above technique is best illus"rated in the use of a simple, but somewhat realistic,

operational-decision problem. First, a ;.enario for the probl,,m is presented, followed by a

listing of the operational and environmental data used for the problem. A dry-run will then
be perf~rmed on two of the strategies to illustrate the above procedi:r.e. Following this, a

descriptioa of a computer program which applies the above principles will be preseuted.

IV. Scenario and Dry-Run.

The scenario will consist of a logistical mission to resupply Base Y, Aircraft are to

depart from Base X with the intention of resupplying Base Y. The surface visibility at Base

X is considered to be the critical factor in determining whether or not t+h: aircraft should

depart for Base Y. Weather at Base Y is assumed to be good in this simplified model (in other

words, weather at Base Y is not considered to be a significant factor in the mission comple-

tion, e.g., supplies can be paradropped into Base Y). The aircraft may rely on only 06Z and

12Z forecasts of visibility for Base X (made at OOZ and 06Z, respectively). The observation

times are also 06Z and 12Z. The forecast and observational categories also include the same

visibility intervals(k 3 miles, < 3 miles). It is risky for the aircraft to take off when the

visibility is less than 3 miles. In addition, the planes must depart at either 06Z or 12Z.

There are three possible actions that can be taken as a result of a particular forecast.

These actions are as follows: AI = takeoff -- requires 2 hours preparation time prior to

departure; A2 = cancel mission -- i.e., mission failure; A = delay 6 hours.3I
Operatl. -al losses are distributed as follows. A loss of 1 unit will be incurred for

each hour of delay (takes into consideration manhourG .,st to idle-time, idle planes sri

equipment, etc.). A loss of 2 units will be incurred for each hour of preparation time re-

quired (for fuel, maintenance, man-hours, etc.). A Ioss of 7 units will occur for each

mission completion (due to fuel consumed enroute, wear and teAr on equipment. etc.). A lo-,s

of 5 units will result from a wrong decision (e.g., action A = takeoff is taken when obsevva-

tional category ] = < 3 miles occurs). Finally, a loss of 220 units is incurred for failing

to complete the mission (this value may be a quantification of the need for supplies at Base

Figure 3 contains the lc.ss table, climatology vector, and the exoprimental matrix for
the sample problem. For this example, the experimental matrix has been constructed using a

persistence forecast (i.e., persistence probability values were used to construct the matrix).

The loss taule was determined in a somewhat subjective manner by the authors, and assumes that

the decision-maker will follow the chosen strategy regardless of the consequences. Remember,

the object is to pick that strategy which will result in the lowest long-run average loss.

The best strategy may backfire on occasion, but it should do Eo less often than tl,.• other

possible strategies. The climatology vector and the experimental matrix arc, or have been

derived from, real data. The loss table was constructed by summing the possible lossrh

according to the criteria cited in the previous paragraph with respect to the Dossible c-m-

binations of action and observational category. For example, if the observational categorr

is < 3 miles, and the action implemented is a takeoff, considerable cost could be incurred.

There will be a loss of 4 units for 2 hours of preparation time. There will also be a 5-unit

loss for making a wrong decision, and a 20-unit loss for failing to complete tne mission.

5
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TAKEOFF CANCEL DELAY
A, A2  A3

<3 mi. 6, 29 20 6 <3mi. 0,

>3 mi. e2 II 25 II ->3 mi. e 2

LOSS TABLE CLIMATOLOGY
VECTOR

<3ml. -3ms

F, F2

<3 mi. 0, .47 .53

t3 mi e2 .05 .95

EXPERIMENTAL
MATRIX

FI, and F, valid for 062 but forecast at OOZ; 0e and 02 volld for OeZ)

Figure 3. Data for Sample Problems

Thus, the total loss for this combination of action and observational category is 29 units.

The set of tables and data shown in Figure 3 is valid for the OOZ decis;ion time (i.e., a

decision as to the action to be taken in made as a result of the forecast lfsued at OOZ. An [

extension oi the madel would be to recycle the procedures stated above in cc niunction with a

new set of data for the 06Z decision time as would be required in the case of a "delay" action

from the first cycle. The method of combining costs for the two decision pt.riods, In the case

of a delay from the first period,may seem obvious at first glance but f),tht r consideration
reveals this not to be true. Since it is not clear to the authors how to best combine the two

sets of data t'; obtain viabl.e results, this Note contains an exposition of the procedure and

results when -dealing with one cycle only.

Given tte above data and assumptions, a dry run will now oe undertaken for the first and

eighth strategies in this example to illustrate the technique more clearly. Since, in this

problem, there are three actions and two forecast catagories, we have 3 or 9 possible strate-

gies. By performing an ordered permutation, it can be st.n that S = A,) and S. = (A3,A2).

According tc the procedure outlined above, these strategies can be represented as follows:
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L(S) -- L(91, Sl) + L(0 2, S1)

= P(e 1 ) [L(GI, AI)P 1 (A110l) + L(91 , A2 )P 1 (A,:101) + L(91 , A3 )P 1 (A3 101)] +

P(02 ) [L(e 2 , A9)P1 (A11 02) + L(92, A2 )P1 (A210 2 ) + L(02, A3)P1 (A3 to2)]

L(S8 ) = L(01, S8) + L(Oý S8 )

= P(91) [L(0l, AI)P 8 (A11el) + L(91, A2 )P8 (A2 101) + L(91, A3 )P8 (A3 101)] +

P(02 ) [L(e 2, A1 )P8 (A1 192) + L(62, A2)P8 (A2 102) + L(e2, A3 )P8 (A3 l2)]

Referriug to £1igure 3 and ;he above equations, L(SI) and L(S 8 ) can be computed as follows:

> L(SI) = .31 X [29X1 + 2OXG + 6XO] + .69 X [li1x + 25X0 + lIX0] = 16.58 units

L(S8 ) = .31 X [29X0 + 20X.53 + 6x .47] + .69X[llXO + 25X.95 + 11X.05] = 20_•.93 niits

Each of" the other strategies is computed in the same manner with the lowest cobt, operation-

ally-feasib e strategy being selected as the optimum.

V. Computer Program.

As mentioned prev'iously, a computer program has been written which performs the above

calculations. The program is written in FORTRAN IV for use by personnel not especially program-

oriented. It was designed and prcogrammed on a DEC PDP-10 which was accessed in a time-sharing

mode using a Teletype 33 terminal. The program operates in a "conversational" status, in that

it allows the user to "converse" with the program as to how the program works, wbat data are
required for input, what options are available, and what type of output is available. A corm-
plete listing of the program, including appropriate documentation is contained in Attachment 1.
A sample execution run of the program is contained in Attachment 2.

VI. Conclusiou.

This program could provide operations or planning personnel with the capability of obtain-
ing pertinent decision-making information in a short period of time, provided the computer

capability is readily available. If the program were implemented in conjunction with a

cathode ray tube (CRT) display terminal, even faster response and greater effectiveness of the

decision-making tool could be realized. The present program is capable of handling up to

3,125 strategies (5 9), but could be easily expanded to include more meteorological variables .*
and more diversified actions; thus, providing the user with greater flexibility. However, the

run times and other costs for enhancements of this type are definitely increased and a cost/

benefit analysi, would have to be performed to determine the feasibility of the more complica-

ted models. For example, a priblem that contains 10 possible actions and 6 forecast categories

would require that l,000,Uuv tsrategies be simulated, which could run a considerable length of

time, depending on the type of computer hardware used.

The concept of combining the operati.Aal and meteorological information is the important

factor considered in thlp study. The specific decision-theory approach presented here nay or

7
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may not be the best way to go. It is, however, a step toward the ultimate goal of minimizing

loss of resources over the long-run. There is a definite need for more study in this area of

improving operational decision-making through the interaction of environmental and operational

factors.

VII. References

(1) Glahn, Harry R.: "The Use of Decision Theory in Meteorology with an Application to Avia-
tion Weather," Monthly Weather Rev., Vol. 92, No. 9, 1964, pp. 383-388.

(21 Cummings, R. L., Major, USAF: "Meteorological Decision Making and Bayesian Analysis,"
AWSRP 105-2, 69-1, 1969, pp. 14-18.

[3] Huschke, R. E. and Rapp, R. R.: Weather-service contribution to STRICOM operations - a
survey, a model, and results: final report on Phase I of the Rand Corporation contribu-
tion to the Air Weather Service mission analysis; and a programmed approach to increas-

ing the operational value of Air Weather Service products: final report on Phase II of
the Rand Corporation contribution to the Air Weather Service mission analysis. 1970.
(Unpublished).

[41 Huschke, R. E. s "Use of Weather - Information in Determining Cost/Performance and Force-
Mix Tradeoffs: Weather and Warplanes I." A report prepared for United States Air
Force Project Rand, Rand, Santa Monica, CA, 1971, 41 p.

[5] Rapp, R. R.: "A Simple Model to Elucidate the Utility of Weather Forecasting in Military
Operations: Weather and Warplanes III." A report prepared for United States Air Force
Project Rand, Rand, Santa Monica, CA, 1971, 21 p.

[6] Huschke, R. E.: "Ten Guidelines for the Simulation of Weather-Sensitive Military Oper-

ations: Weather and Warplanes II." A report prepared for United States Air Force

Project Rand, Rand, Santa Monica, CA, '1971, 29 p.

[7] Chernoff, H. and Moses, L. S.: Elementary Decision Theory, John Wiley & Sons, Inc.,
New York, 1959, 364 p. I

2 Atch
1, Program Listing
2. Sample Run

8



i. i ~USA'FE~T it>kMNLo S F 4, 11 RI i1-AIJG-' 5,ýl AAM PI)GE t.

'C 4w*wH~ww INLOS *w **ww *ww wW
'C

C"THIS P"ROGRAM.l WILL CMUELONG-17UN MIINIHMU1 AVE.RAGE -LOssEs. co
C -S PEIF I CS' OP E-P T 1014AL S-7,R A-TE G-'S, PBA SfO ON OPE RA T 1ONAL L OSS V ALUE e -
C WEATHER OCCURRENCE POEMAPILI"T -4 TRL INP-UT/OUTPUT r.2ClIJMENTtT1ON Is
CPRESENTED` IN! THE 'PROGRAM E'^ECu-tIQN PHASS At4n'~ IS GEAPF0 EITHERý TO ThS
C UXPFFIEN6Ei 01 'lNý(EINF SROF THIS PROGRAM) *_S APPROPR'IkML*

C, LOG7IC DOtUCU!1.NTATION FOLLOWSo FOP *-SSOCIATVY INFORMA.TION REF-R- TO
C FILtE--S- IN THF .SPECIAL' PROJECTS' SIFFCTION."
C DETER HALL/JuINE ?vii9.72
C
C,
C, ýwiw"~*wwwiww EFINITIONS ~*w~"w w*
C
C A C N L'OS - TFt';OPARY F'TOqAGE FOR THE LOSSFS 3Y ACTION,
C AGAI1N - STORES A OY OR 'NO', FOR RSCYCLE-OF S)FCUTION
c APRIOR - A FlIORI (C.LIMATOLOGICAL) FROlABlLITY ARRAY
C EXPNCE -ST6AES A '*_yES'O 'OR -11O01- :TO -SES' WHE ' TE'R E';X-PrR.I-ENGE,,
C EXP"AE -EXPER IMENTAL. TABLrE ARRAY FOR, CONDITIONAL PRODIP3LITlE S
C I 00D-LOOP COUNTER AND INnEX
C IFOPMT -ALPHANUMIERIC *RiRAY FOR STOOING VARTA6LE FOPMATS
C IG9ACN -ARPkY THA' STOPE7IS ACTION ORIDER FOR EACH STFATCGY
C J DO-LOOP COt'NT-FP AND- INOEX
C K F 0PM T - ARAY *FOR S-TOqING IFORMT (VAiiIAB4LFE FORMAT) 3,EIING USED
C LOS TAB- - LOSS TAML ARAY
ýC M INSERT - STWAEP-Y NI'MPP ARRAY WHEN ASK FOR' SOR.TED OUTOUIT
C N -DO-LODOPý:COUNTFR AND iNDEX.9 USED IN SORT ROUTINE
C NACTNS -NUM§ER OF 'ACTIONS IN POOBLEM
C NnRACN -ACTION NUMMEP INDEý
c NEiROUT -NUMý3ER OF SlORTEO STRATEGIFS, TO BE SORTED AND LISTED
C NI'III DO-LO-OP CMINTER kN INDEX, USr¶n 14 SO'IT ROPTINS
c 0N - 0-LOOD COUNTER I NCý INDEX F Ok, NU~lFR OF FOREC AST
C C A TEGOR I E
C N 0.9K W - IND2,X THAT kEVF`RtSE:, ORý-ER OF IC3ACN AlPAY
C NO0 9 - NtIl"3ER OF F'O CAST CA'FGORIES- I N PR06LFM
C N6 - 0O-LOOP GOIWNTPR ANE' INOEX FOR NUMMER- OF OBSERVATION
C CbATxGOP IF-,
C NtTATE - Nt.J31ER OF 07r.-RVATION CkTqEDORIrS IN *PQO9LFtr
C NIITRAT - NU3R)F STR4TELGI!S POSS19LE. IN PROELEM

C nL' - 00-LO.OP COW-ITS1r ANr ~nDEX USE') TO STORE A r-ORMATr STATFE~NT
C IN <FOPMT
C SORTED - STOREE30 A 'YES' OR 'NOO FOR S01TINV, STQATE'GTES 7Y LOSS
C STALOS - APPAY F OR CuIM11LAT IVE LOS.S IN ORSERVATION CATLGOIRý
C STRLOS - ARRAY F~OR tU'1SOPTED STRATEGY LOSSES

*C STRSRT - APPAY FOR SORTFO 'STRATEGY LOSSES
C YES - ALPHANUMERIC 'YEb' FOR T11STING ANSUERS TO OUFSTIC.NS
C

*C
C, F ROGRAM LISTING

ATCH 1



<UAFET-AC >hINLOS F4 14', FIýI li-04G-7 5-tiRAf1wLt M

RFA<L l~lo TAR

IMNS IUN; LO-STAa(D, j)ý.EY PTA-6U .5) tIO5SACNS?),scTAL OS(5)

')I M N f otk !~' 1ptFOPM (%LL) sS KF O T(3it5) s R R~ O MINP ( 0

r- -FO NT/;`7X ,* 3sAZ

nATA YE8/7AlYOS/
C
C ****ww REMARKSsftXPL-ANAT ION, AND QUESTIONS FOR INPUFITo

±00±i FORMAT ('10',20k)' '*~YES STRATEG.IES '*''AEYO~'',
j I1 F(PSR IENJCEý? (YES OP.0~ '/

AtCEPT 1002J ,XPMCE
J002' FORM-AT ('ýA:.)

IF (!.YPNCFEQYES) GO .TO '0
-T-YPE "1-O00O

10 00, 'FOMAT jIO',5X,sITHIS PRO-CRAt. 'tILL COM1PUT7 LONG-Rt't t MIN4m~IMU AVER''
± 'AGF LOSPEIS FOR'/I SPECIFIC OPERATIONAL STRATEGIFS, ("BAYFS SToll,
,2' IAT!IGIEF") P4ASEO ON OPERA-1/' TIONAL -LOSS VALUES ANIP WLATHEII',)

Z I OCICURREMCP PRO'rArTLITIFSo THq INM>`lT'/I PARAMCT'-RS ARE AS's
'4 1' FOLLOtt$: (j) '(HE NVMDIEý OF 'ACTIONS AVAILA'LEJ I/I (-P) THE NIUM',
r. I1fR :OF, -03SERVAT!ON CATEGORIES 'USED, (Z) THE NUMSER OF',' F-OREIs
6 'CAST CtTEGOR1'EQ USFD, (11) THE OPERATIONA-L POST -(LO'SS) FOR's
7 1 EkCH'/' COMBINATION 'OF ACTIONq, ANb-,OPeSFKVATION CATEGORIES,',
e I ('-) THr CLIMAT0LOG~';_/l ICAL P~r,8A9IL1TY OF OC-*CURRtNCE OF'i

I EACHIQSRA~l CATEGOR'Ij ANOI/ 1 (6) THS COMV17ATONAL PpzookA.
A '9IL~ITY FOR -EACH CM0M1'NAT1IPN OF OaSl;RVATI ON' 1 AND. PORECA'ST CA I.,$

1. 'TE'G0~irS (~IoE,o Tý4r PROFABILlty THA~T A PAR'ICU'LAR XORL4-'/' C,_A'
2'S WA ISUE~GIVN 'HAT A gARTICULAkc 090ERVATIOI ATOY'

3I OCCURRFO)o'//# THE INPUT FORMAfS ARE ko-,FOLL60WS (0)9 (2',J
14 I)s A-NO (3) SHOlJLl' qFI/,I T~YYFD AS ONE ;DGIT INTF.' R S ('11i (5)'I

1. ', 'ý (6) SHOULr Oc TYPED ASI/I THREE `0131T REAL NU!13LR'S -(IIC.'

6 'LUOING !rECIMAL' POIN T INSERTFD 4q'/l APPROFRIATfl---Osis 1? ý'
1 Is OR 3 PIGITS TO THr RIGHT OF TPE PO1iNT)ol/' TYPE CARRIA-GE R',j
5, ̀ IETURN AFTER tYDJNG PACH INP11T VALUE. THE MAXJM' 1M'/I NUM ER At~
9 'LLGWE0 FOR EACH OF (I)s (2-)s ANIn (3.)) is fic"ol/)

±1959 'FORFAT(IOIS-XIOUTPL¶T COMMENTS; THE ACTION ORPER IS A SEQUENCE Is

1'OF NUr1DFPS TO BPI/-I INTERPRETED AS FOLLOWS: THE NlUMRFk IN' THE 1.0
2'LEFTMOS POSITIONOF THE'/' SEUUEO~CE RE0 RECCNITS THAT CIN'

ZZITO 9E 'T&KEN IF THE FIRST FO¶01ECAST'/' CATEGORY IS FORECASTo 's

41THE NIJM9FR IN Tllr 'POTION IMMEDIATELY TO THF'/I RIGHT OF I,

!' THE FIRST PO'SITInlN IN THE SSOUENICE REPR~iSEIqTS THAT ACTIO"N'/
6' TO :4E TAKEN~ IF THE qECON0 FORECAST rCAT;GLIRY IS F-ORqCAST) I~

7'1A ND SO'/' ON, UNTIL THE NUM~rR IN THE RIGHTMOST POSITION OF Is
F'THE SEQ('ENCE'/' Qr:rRFSENTS THAT ACTION TO ElF TAKFN IF THE Is

5' L4ST FORFCAST CATrEGORy'/' IS FOcrECASTc THE ACTION OROL-1 Is
.I THUj5 BECOMES A STRATFGY (I.Eo, A'/' SEl OF DECISION RULESý) Is

2'1FO0R THE CZ-CCIS1OlN-MAKER* 1)
TYPE ±003
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100,1 F ORM AT ( IOROTq. OF RU.CK I I'/I

1 n,0 4' cORIAV (.1O.Neo OF- AC.TI0I O '/
ACCEPT iO0-.l,. 1JACTMIS

1005 'FORM AT (IIi)
T'YPE 1.040

0 iO 0 ORM AT .(10,10 o OF fl3; CATFG'ORICES =14)
ACCEOT ±0±5, NSTATE

±01.5 FORMAT (Ii)
TrYPE 1020

10,20 FoRýmAf c 'o>J0g0 OF 70CS' CATVGOqIES =1/)
ACCEPT 1025, NOB3S

i-0,1'5 FORMAT ( Ii)
TYPE 1040

,j 0 U.O FORMAT~ ( IOLOSSES (INCLIJOF DECIMAL POINT):'I-)
!'0 ± I~i)N-OTATE
DO i J=iNACT.NS
TYPE ±044U, I J

iOJ4 F ORM AT C 'O0(',I_,,,I')~/
ACCtiPT i0U5.9 LOST? q(Ijj)

10 1451 FORMAT (FV,?ý)
i C' ONT I N UE

1070 FORMAT ('O'CLIME, rrO~ktILIT1ES:'/)
0'.I~i)MSTATE

TYPE iO%"04,#1

AkCCEPT i,075.p APRICR.(T)
i0O'5g~ F.ORMA4T ('F'4i2')

TYPE, 1050
i O'ý , FOR 'MAT (oCo.ND IT, tONAL PROrPA8IL TIr'S:A!/)

ýdYO 2 IX i, NS T-AT E
DO0 2 %,±, MkdBS
TYPE j'05u, 1,9J

i Oý4 ;:0R M AT .9(,i',,,) 11I4)
4CCFPT 10!55 r-XP!M3(IsJ)

i0F5 FORMAT (FL3.2)
2 CONTINUE

C LOAD Inl'% REDUIR'!( FOPMAT LINF BAS20 'ON THE mIlIM6Fp. OF FORFCAST

C *V*** CATEGORIESo

X F 0R MT (N W D)I F0RM T (N W nN 0PS - i
45s CONITINUE

fMN =
C
C W**I COMPUTING-~THE NI'MVFR OF STR.ATE(GI'-$,



Q3 -(U.SA'FET AC>~1IMTLOS.9J F-RI 11-Au'G-72 5i:1 83AM 043E

NSTRA7-ý.NACTN39*06S

tC *It*** GUTSTI0MS ANIO INPUT TO CE:Tr''MINIF' It SORTAEt OUTPV'T 15;C I F%:=
***i AND IF SO NOWMAN SrATiGIF~S APEý; TO BE -OR.TrEco

"1075 FOR~MAT 1'fl0 'Y0LI tWANT~ THFk STRATEGIES SORTED 9Y L OCSS AND L IS6TIED I
I.'IN AS C E. ir-T N, c/9 OR DF.q (E y.;o R i4 o)/

ACCE PT 10OPO SORTr"D
£A. 0P FORM AT .(A.7)

IF (SbRT~t.NEcYES) GO TO U14

loss 17CIIHAT (10OHOW MAI'v STPATFECIES WOULD YOU LIKE LISTs-,.'T/
I '(2-flISTT' INTCV'R--l'A. Ic 'cO)'-/)
ACCEPT lbOGO NýROVUT

1000 FOCRfiAT W;)

C j*i~i COMPU-rIN3 STRATFG-Y LOSS VALUES I!S14N PAYCL!44' 0P-RorACH.

Cý *w*** FOR -DETA1LIFO EXPLANAr! ON OF THE 8AYF SIAN hSTr~ion REFFsR TO
.c lf~ow "ELEMEN TARY UECJSIýN THEORY" By CH~qNOFF AND~ MOSES (CIHAPErS i
C W**AN'1 0)1 PURLISHFD PY WILEtYj COPYRIGHT i955,

u 4 ')0 10 N&Rzi*NSTRA7
CALL ACNORD (NBR,#NOP,NACTNSp,.OBAC*4)
.00 20 Ný=1,NSTATF

0k0 30' NO=iNOIPS

N9RACN=I OPACN(NO'I''14G)

STALOS(NS)=STALGO(NS)+ACNLOS,',
?0 CONTINUE

S TAL OS (N S )=S TAL G Sc N .S)AP R T OR (N S)
ST.RLOS (N!qP)3S$TRLOe (tIR)+STAL0S(NS)

PO CO'lTINUE
IF(O~~rvcY0 GO TO P1

C W**** 9EGINNING OF NPISJH'1OWN11 SORT FOR SOPTC- OUTPUT,

00 23 N~tpj~eOUT
IF (STRLOS(N41R)sLF0STR,$RT(N)) Go To ?t

IF (STiRSPy(N)cNE*o0) CO0 TC 2V
STRSRT (N)=ST.RLOS(N3 ))
MTNSRT(N)'N3R
GO T') 21

?3 CONTINUE

26 00 2' N=MeR0!JTN+i.,-i
STPRSRT(.Nl~)=STRSRT(NN-1)
M I'JSS'ýT(CN N)=uK1NSRT (14KN-I.)

77 CONITINUE
8:STRST(N)=STpL OS(fN-1R)

M I"NJ09T(.N ) r14B ý



j US'AFEtfAC->rI INLO oF4LIi FRI 'If-AU.G--7: 5t SAM PAkstt:

C.
'C i4wRESFTTIMG L0tS(bSs~E~y OrrVT'k CATEGO'RYoTO ZFr~tlo

"1. D 255 NS=iAIjTATF4
STALOS (S)0

-)5 C DNTIN!U E

C
C, ~ TYPII14G PUTNtIT 'F-ADPIIGSo

C
TYPC i1060

IF (SORTFr")Er~oYES) GO TO "0

C )646** ~4ON-SORTED OUTbUT, 'ROUTINE
C

4JFR=I
4CALL -A 'N;OPO C'~ ~ , ACTS.iO'C~
T-YPE kFORMT9 Nf~cR~fIOIA$CN (NOBKWD) ,NOWK40W'08O ,i,-i),STRL0'S( 1)

40. C0nJTINUE
SC TO 95

'C SORTEO OIJTPUT'"OUTIIIE
C

60 60 41 I:±,NSkOUT

CPLL A.CNORO- (NBRMOP~sNAC!NS,#IO8ACN)
TYPE kFOTRMTs NBRi (IOPACN(NlOqKWD)JNO§KVO=NOBS,1, -1),ST'R.")T(l,)

41 C04T I N' E

C M**** WUSTIONING- AS To WHETHE.R USER WOULI LIKE ANOTHFR 'r-Y AT ] To
C

?5 TYPE JU cz

1065 FORM AT ( IO0OULD YOU LiKE TO TRY AGA14? (YEb OP KJt3)I/)
ACCEPT 10701 AGAIN

1'370 F ORM.AT (A 7)
IP (AGAINollE~oYES) ST'9P

C
C- I***** ZEROINfS OUT ARqfYS FOR ANTHER TRYo

C 00 64 I~i,#NO?'S

I 03ACN(I ) =0
44CONT I'NU

00 6.6 lif,;4ýtATE
PTALOS (I )Oo
APRI'OR(I)=0o
00 66 ,Ji.iNO~3S
L OS TAF ( I i J) = 0

SYP T A 9 (1 ,J) =0 o



66 COITIN~Ui
'1O. 67 1=t,.4STR AT

67 C ON T I NU
IF (SORTftaiWicYES) Gl TO 8

* "O68 k=i,0RDUT
STRSRT (l ) ýO a'
H 1!,; RT C I Yr

a8 C ONr IN uE,
(%o to 50'

C ~ *ACNORf #**)f* &~*

C . THIS S11POUTINE COMPUTFS THt ACTION OR-)R FODR 'PCRO' STRATEtG?
C MUKBER AS iRFOCUIRED PARAME~r'RS (IN ORDcl) APE: STkA..T=GY NUMr~PE,j
C- NUMAER OF FbPaCA'ST CATEGORIESP NL MBF.r OF ACTIONS FOP IN01IT/; A.NO

C
C
C 1 W it i 14 )0 14* ME F I"ITONIB 14 W*r

C,
.c D V I rN - 0 1V 10 N 3
C ILOPACN - ACTION OR')FR APRAY

C ICUDT - 0IJOTIVNJT
C 4 - 00-LOOP COUJNTED ANfl INVtEX
C NACTNS - NUlMj9R OF ACTIONS
C 14 F r - STRATFG-Y NUtMPýP
C NORES - NUFIER -OF -FORECAST CATFGO'ýIES
C
C

SllaROUTINF ACWORD (NPRsNO0SSAACTNSsIO?,AC~l)
INTEGFR DVID'0
DIMENSION 10PACN(MOES)
SQuo T=NB P-1

mVIDN'ý=IQt0T.
IF (IOUOT.~oj0,) f,' TO 9
IAlUOTrDV irj0,NACTtu.s

9 1 03ACN(J)0V'I0ND-!l.ACTS *IO~UOT+ I
10 CO0JTINUE

4..UR

k4

C **e~ i*ww ~w*
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ARE YOUJ -XPF~kfFNwE_')? (YrF5S 00 NO)

NO

TIHIS PROGRAM WILL CONPt'TL ýLONG-RUN, MI\'IMUM AVFPAGr- LCSSf-b FOR
r~l OEA~oA STWATSGIE'S (119AYES 81 ýA TL GI 6) 9SE ON 0PER'A-

TIOIIAl LOSS VA'LtUES AND WEATHER CCCUR*RENCE P-ROEA0ILITIFSo TtH:- INDUT
PARAMLTN;ZS ARE AS. FOLLO'ýC: (4) THE KlumirR, 6F ACTIONS -AVAIL APLE:,
(2l)! TH;ý NUMBER. OF ýORSLRVATION CATEGOR1':8 P~I,6,Po (3) THE ý'UM9ER OF
FO§FCAST CA'-TEGOPIES USýO, (0) THE OPERATIbO'AL POST (LOSF) cflR TACH
CCME~INATION14 OF.AJCTIONS AND 'OBSERVATION CATFF OpRIES.- (Fý) TqE CLIMPIOLOG-
ICAL PRO'3A'3ILITY OF OCCOIRENW-E OF EACH 080S ,IVýA T 10N GAT0GRY s A N!
4~) TWt COADfTIt'JAL PROeAS!LITY FOR EACH COM~BINATION OF ýOBSERV'ATiON4
ANI) FORECAST CA-T?.GOPIES (bIEo.9 THE .0ROS'A3ILITY THAT A ~PA~tItULAFF FOOL;-
C'AST WA- ISSED sIVEN TH-AT-,A PARTICUL'AR 02BERVATION ^ATEGO~

'-THF- INWT F.1MXTýS- APE 'A-F -FOLLOVS-4' 4-02,~Z~ AN, ý(-,)f -SH:OILD- 'RE
TYPFD0 AS ONE OiG,4T. INTECERPI (4)j (F),# ANDJ ('6) ~SHOJLoD RF TYP"E AS
THPFE' DIGIT REAL 'NUMSERP (IMCLUCDING OEClItAL POINT INSEPTEr AS
APPPO.PRIATc---O, 1) 21 OR 7 DýIG17S TO THE -RIGHT OF THE IOiJ'IT)a

TYF'F CALRIAC'E RPTURN) ýAFT-:R TYP ING EA.CH JIdpl)T VALUE,- T HF h.AXIMUM,
NUMPErR ALLOVED FOR' EACH OF (0js '(2) AND 0~) Is "ics"

CLITPLIT COtMMEN.TS t THE ACTI ON O~rER IS 4 SEOUENCF OF '4UMEPERS TO PE
INTFRPRETE') Aý, FOLLOiSI THE NUMPEfl INq TPý~ L1FTMOSI" POSITION1 -OF THE.
EccfitIENCE 'RqPRETEN'T8 'THk~ AC.TION TO 9E~ Ttk~i H IRTFRCS

CA'?FrGOPRY IS FORFCXST, 1THE N'JMSFR IN. TJ4r. POSITION IMMFAIATýLV TO THF
4I1T OF THE F4P.3T %$SITION IN THE SEQIJSA'C,ý RFc'E~PE$NTS THA AC'TI ON

TO DE TAKEN! IF THE SECONO FORECAST CA1FGCORY IS FORSCAST4 A4D 60
O14, UNTIL THE NtIIMB,ýR IN THF RIGHTMOST POSITION OF THE SFbUf7NCE

RECPFSENTS- THAT ACTION To 'ýE TAVEN IF THE LAST FOR.fAST W^ATIRCORY
IS' ForrA-STO THP 4CTIOV' OqnER .THUS 9RCOMES A 'lTRATF~oY (bEes A
SE T OF r'ECI'SION RULFS) FOR THL CECISION-LIAKER.

RO-:TF OF RUr'K ill

N~io OF ACTIONIS

NOo OP 03S CATý7c.ORIFS

N~a OF FCST CA'FGORIES
2

ATdCi 2
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29.

20,0

6o

(2)s

CONr'I~tIOAL PROPABILITIFS:

,47

so

(2.02)
0.9
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06 YOU' VA1NT PH 3TRAjEGIES QORTTr. 'ýY LOSS,- kNO LItTF0 It.; ASCL~ot4GN
O RDER'? (CYrS 0.1 NO)

PAYES, STRIATFWIES,

STR'ATE~GY AC T 1ON LOýS
NUMPER OROEP

1202,

S2.1 1:K* all71

7 31i023
32 005

c 37 9o4r

400LD YOU LIKE TO TRY 4GAINI? (YES OR NO)
YES

40. ýOF AT~N
3

NO. OF 035 CATEGORIES
2

NO. OF FCST CATFGORIES
2

LO~rES (INCLUDE, MECIMAL POINT):

25

6o

(2s1)
oi
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25.

LI?4M PR0eARILIT'IES:

.31

(2)

C0'NPITI'ON'AL PROt'ASM-LIT~r~

.47

05?'

005

0O YOU WANJT THE STRATEGIES SORTFO Ry LOSSj A'ND LISTFD It ASCENOING
ORDER? (Yr,.S OR NO)

HOY~ MMN STRATFOIER WOULD~ YOU LIKE LICTFO?
(?-JIITINITEGM.R--tAX IS 50)

9
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STRATEGY A C TI ON L
NUM~'r or~'

33 q s4~
6 23 11.09'

±3 ±?.0
31 702
21 2±a i

Ii ±1 a5
32 ý
22 V~
±2 7.4 o 2

W0111L0 YOUI LIKE'.TO TRY APAIN? (YES Or- NO)
N 0

CP'l) TItIFS 7.96, ELAPSEn TIME: 5!3Z.flO

140 rXECUTION EPMORS I)ETFCT~Fl

tc
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